During the course of horseradish peroxidase-mediated oxidation of either o-dianisidine or 2-2'-azino-d1(3-ethyl-benzthlazoline-6sulfonic acid) (ABTS), no 02 consumption took place. When isonicotinic acid hydrazide (isoniazid) (INH) was included in the reaction mixture, 02 The -activity of the mycobacteriocidal drug isonicotinic acid hydrazide (isoniazid) (INH) has been linked to both mycobacterial peroxidase activity (3, 16) and NAD (11, 12) in several ways. The peroxidase enzyme of mycobacteria is thought to sensitize these cells to INH, and a strong positive correlation has been found (4). Sensitization of peroxidasecontaining mycobacteria has been postulated to be through the oxidation of the drug with the production of toxic metabolites (8, 15 
The -activity of the mycobacteriocidal drug isonicotinic acid hydrazide (isoniazid) (INH) has been linked to both mycobacterial peroxidase activity (3, 16) and NAD (11, 12) in several ways. The peroxidase enzyme of mycobacteria is thought to sensitize these cells to INH, and a strong positive correlation has been found (4) . Sensitization of peroxidasecontaining mycobacteria has been postulated to be through the oxidation of the drug with the production of toxic metabolites (8, 15) . The correlation of NAD with INH susceptibility arose from the structural similarities between the drug and the nicotinamide moiety of NAD (12) . In addition, NAD and NADP were reported to potentiate what is known as the Y-enzyme reaction (15) . The enzyme catalyzes the production of a yellow pigment precursor (15) and was found to be the peroxidase in Mycobacterium tuberculosis H37Rv extracts (4) . The precise role of both the peroxidase and NAD in the mechanism of action of INH is still obscure. In a recent study, we proposed that the oxidation of INH by peroxidase is by a free radical mechanism (13) . These radical intermediates do not react with molecular oxygen efficiently at physiological pH (13) . As INH, but the total oxygen consumption increased with INH concentration (Fig. 2) .
Effect of SOD on INH-induced 02 consumption. The generation of 02 in a reaction can be detected by the effect of SOD on the reaction, resulting in either inhibition or activation. In the present system, the reaction is H202 dependent, i.e., no 02 consumption was observed in the absence of H202. Activation rather than inhibition resulted (Fig. 3 (Fig. 4) . p-NDA bleaching by INH and other related compounds. We report elsewhere (13) that INH but not nicotinic acid hydrazide could bleach p-NDA in the HRP-H202 system. In the presence of an electron donor such as ABTS, the rate of p-NDA bleaching by INH is higher than that in the absence of the electron donor. Nicotinic acid hydrazide, which is unable to bleach p-NDA in the absence of ABTS, induced p-NDA bleaching. Phenylhydrazine induced the highest rate of bleaching at equimolar concentrations, whereas isonicotinic acid, nicotinic acid, and isonicotinamide did not cause bleaching, and the absorption increase at 440 nm was due to the overlapping 414-nm peak of the ABTS oxidation product (Fig. 5 ) with the 440-nm peak. Bleaching of p-NDA by INH was linear with INH concentrations (Fig. 6) over a wide range. The hydroxyl radical scavengers mannitol and benzoate failed to inhibit p-NDA bleaching.
Reactions of INH with NADH. At neutral pH, no 02 production was detected from the reaction of INH with NADH. At alkaline pH, INH undergoes autooxidation and 02 is produced (9) . At pH 9.5, the reaction of INH with NADH yielded 02 in high amounts, as shown by SOD-inhibited NBT reduction (Fig. 7) . About 27% of that O2 was the result of autooxidation of INH at that pH (data not shown), as determined in the absence of NADH.
At equimolar concentrations, INH yielded much higher amounts of O2 than nicotinic acid hydrazide (Fig. 8) . It is also shown that both INH and nicotinic acid hydrazide had a lag period, which was about 15 s in the case of the former and 2 min in the case of the latter. Phenylhydrazine might induce O2-production in the presence of HRP only. Phenylhydrazine is known to react with heme to produce O2 (6) . Its spontaneous autooxidation is much faster than that of INH in the presence of a heme protein. That difference seems to stem from the contribution of the pyridine ring and the carbonyl group of INH, which contribute to its stability and requirement for high energy of activation. Autooxidation of phenylhydrazine in heme-free medium is also faster than that of INH. Comparison of INH, nicotinic acid hydrazide, and phenylhydrazine behavior in a medium containing M. tuberculosis cells could shed some light on the differences in their activity against the organism. Thus, at slightly acidic or neutral pH, phenylhydrazine would autooxidize so quickly that most O2 produced would be discharged externally to the organism. INH and nicotinic acid hydrazide undergo autooxidation very slowly, and they require an intracellular activation by the mycobacterial peroxidase. Once INH enters the cells and is acted on by the enzyme, it undergoes oxidation, yielding the radical intermediates described previously (13) , whereas under similar conditions nicotinic acid hydrazide is only slowly oxidized due to the stability difference in its resonance structures (13) . If these INH radical intermediates are the actual mechanism of killing, then INH would be expected to be more effective than nicotinic acid hydrazide and phenylhydrazine because (i) it can gain access to the interior of the cell in which it reaches vital structures and (ii) it undergoes activation by the peroxidase so that these intermediates are produced intracellularly in greater amounts than from nicotinic acid hydrazide.
The ability of nicotinic acid hydrazide to produce O2 in the presence of ABTS in the HRP system or in the alkaline reaction with NADH might indicate that the O2 produced resulted from the reaction of the partially oxidized hydrazine group with the intact or partially oxidized ABTS or with NADH. This also might apply to INH, since it undergoes the same three steps of oxidation to yield the diazine (9) moiety as does nicotinic acid hydrazide, although it follows a different scheme of oxidation after the carbanion step (9) . accumulation of H202 upon treatment of cells (14) . Hydrogen peroxide could result from O2-dismutation. As shown in the present model system, an electron donor is needed for O2 production, thus necessitating the presence of a natural electron donor in the mycobacterial cells to generate that radical. If our assumption is true, it would be interesting to study the role of O2 in the mechanism of INH action.
